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(54) High-speed cycle dock-synchronous memory device 



(57) A high-speed dock-synchronous memory 
device is provided with a sense amplifier (S/A) shared 
by and between ceil arrays, and a cell array controller 
unit (CkVTRLi), wherein input and output of data/com- 
mand synchronous with the clock, access command 
supplies all address data bits (raw and column) simulta- 
neously. By acknowledging a change in bits observed 
between two successive commands, regarding some of 



address bits configuring access address, the device 
judges whether the current access is made within the 
same cefl array as the preceding access (S), between 
the neighboring cell arrays (N), or between remote cell 
arrays (F). According to the judgement suitable com- 
mand cycle is applied. At this time, the command cycle 
satisfies relationship: S s N s F. 
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[0001] This application is based on Japanese Patent 
Application No. 10-124367. filed May 7, 1998, Japanese 
Patent Application No. 10-203454, filed July 17, 1998, 
and US Patent Application Serial No. 09/305,752, filed 
May 6, 1999, the contents of which are incorporated 
herein by reference. 

[0002] The present invention relates to a semiconduc- 
tor memory for configuring SDRAM (Synchronous 
DRAM) which needs to operate at a high-speed, and 
more particularly a high-speed cycle dock-synchronous 
memory and a memory system using the same. 

f [0003] SDRAM has banks comprising, for example, a 
plurality of memory cell arrays (referred to as "cell array" 

L below). A sense amplifier zone in each back is shared 
by cell arrays adjacent thereto. Configuration of such a 
sense amplifier area is allowed to reduce an area occu- 
pied by the same. Also, an input/output data line may be 
shared by each cell array. Data is transferred to a buffer 
for output data burst via such shared data fines. 
[0004] When data in an arbitrary ceD array is 
accessed, all of cell arrays in the bank including the 
accessed cefl array are controlled all at once. That is, a 
word line (WL) in an arbitrary cell array to be accessed 
is activated to be an active level, and data of each mem- 
ory cell belonging to this WL is temporally stored by 
each sense amplifier. 

[0005] Thereafter, an arbitrary data is read out via an 
input/output data lina Data of each memory cell belong- 
ing to the above-mentioned word One WL is restored. 
After the WL is set at an inactive level, a bit line and the 
sense amplifier are equalized. Then, an arbitrary cell 
array in the bank can be subjected to the next activation. 
[0006] FIG. 14 is a timing chart showing an example 
of data access design, according to the prior art 
described above. /RAS (Row Address Strobe) signal 
(the leading T is capped with a horizontal bar in draw- 
ings) makes a word line of a selected cell array active 
level during "L" (low level). As a result, it becomes pos- 
sfele to access data in each memory cell belonging to 
the selected WL, that is, the page data. 
[0007] A value of address (Add) at the time when 
/RAS signal falls to "L" designates a cefl array and a 
word line (WL) to be selected (as denoted by (R)). 
Thereafter, each time /CAS (Column Address Strobe) 
signal (the leading T is capped with a horizontal bar in 
drawings)feJls down, page address is determined (as 
denoted by (C1) to (C4)). Accordingly, data is output 
from a sense amplifier in a column corresponding to the 
page address. 

[0008] For internal operation, during a period in which 
/RAS is set at "L", data in each memory cell belonging 
to the word line WL in the activated cell array is kept in 
the state of sense, amplified (stored condition) and 
restore state (S&R). EQL is equalizing operation of a bit 
line and a sense amplifier. EQL functions after /RAS 
becomes "H" (high level) and the word fine WL becomes 



an inactive level. ..... 

[0009] Such data access operation enables a high- 
speed access to data in a memory cell belonging to 
selected one word fine WL However, such high-speed 

5 access as mentioned above cannot be kept when selec- 
tion of the WL is frequently changed. This is because 
access to a column cannot be performed until selection 
of a new word line becomes possibla 
[0010] Regarding access to data in cell arrays in the 

io same bank, an attention should be paid to a time from 
completion of selecting one word line WL1 until it is pos- 
sible to select another word line WL2. 
[0011] selection of the word line WL2 is prohibited 
until EQL of the internal operation in FIGL 14 is termi- 

is nated, regardless of the memory cefl that the WL2 
belongs to Here, EQL means equalization of the bit fine 
and the sense amplifier concerning to the preceding 
data access to the word line WL1. Thus, it always takes 
a fixed and long time to access from a different word fine 

20 in the same bank. 

[0012] In general, as well known, DRAM senses data 
by using a ratio of a cell capacitance and a bit line 
capacitance to each other. Therefore, it should be con- 
sidered that a memory is configured to ensure cell 

25 capacitor for sensing cell data and to provide a high- 
speed sense operation. It is preferable to make the 
number of cells belonging to a bit line connected to one 
sense amplifier as small as possibla And it is also pref- 
erable to reduce the number of cells connected to one 

30 word line in order to decrease RC delay time needed as 
a rise time and a fall time of a word line. 
[0013] In other words, in view of functional improve- 
ment of a memory, a size of a cell array comprising a 
plurality of memory cells cannot be so large. Therefore, 

35 it is preferable to divide a memory into a number of cell 
arrays. 

[0014] In a design of a memory, sense amplifiers are 
shared by adjacent cell arrays. Thus, the area occupied 
by the sense amplifier becomes half of that in case of 

40 not being shared. Such a shared sense amplifier, how- 
ever, enables only one of the adjacent cell arrays to use 
the same at a single access. 
[0015] In recent years, there has been employed a 
UMA (Unified Memory Architecture) in which a single 

45 memory is data-accessed by many equipment By 
employing a UMA, access to word lines has been 
changed frequently. As a result according to the prior 
art, an unnecessary waiting time during data transfer 
often occurs. Therefore, such a conventional system 

so needs an improvement for more efficient use of memory 
data. 

[0016] In view of considerations described as above, 
the present invention has been achieved. It is therefore 
an object of the invention to provide a high-speed cycle 
55 clock-synchronous memory and a memory system 
allowing effective data transfer, which realizes a word 
line access cycle faster than that in a conventional tech- 
niqua 
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. [001 7] A first aspect of the present invention is a high- - . 
speed cycle dock-synchronous memory device com- 
prising: 

a plurality of cell arrays each consisting of a plurality s 
of memory cells; 

a sense amplifier circuit part shared by the cell 
arrays; 

a cell array control circurt to which row and column 
addresses are simultaneously inputted to designate 10 
an arbitrary memory cell in the memory cells and 
which independently controls an access operation 
every the plurality of cell arrays; and 
an address structure of the plurality of cell arrays, 
on the basis of a change in specific bits between a is 
first address and a second address when the first 
address obtained according to a first command is 
compared with the second address obtained 
according to a second command sent subsequent 
to the first command, by which the accesses 20 
according to the first and second commands can be 
judged to be accesses to the same ceO array 
accesses to neighboring cell arrays, or accesses to 
cell arrays which are far from each other can be 
determined. 25 

[0018] A second aspect of the present invention is a 
high-speed cycle clock-synchronous memory device 
comprising: 

30 

a plurality of cell arrays each consisting of a plurality 
of memory cells; 

a sense arrplif ter shared by the cell arrays; and 
a cell array control circuit to which row and column 
addresses are simultaneously inputted to designate ss 
an arbitrary memory cell in the memory cells and 
which independently controls an access operation 
every the plurality of cell arrays, 
wherein the device has a burst access operating 
mode in which a signal for designating a cycle in 40 
which a command is obtained synchronously with a 
clock and instructing a timing at which a command 
which continuously maintains a predetermined 
level at least in a period before the half of the cycle 
of the clock rs used, and 46 
when an address of the head memory address is 
supplied, the subsequent addresses can be 
accessed. 

[0019] A third aspect of the present invention is a high- so 
speed cycle dock-synchronous memory system com- 
prising: 

a memory part having a plurality of cell arrays each 
consisting of a plurality of memory cells and to 55 
which row and column addresses are simultane- 
ously inputted to designate an arbitrary memory 
cell among the memory cells, wherein an access 



operation is independently controlled every the plu; 
rality of cell arrays; and 

a memory controller portion for simultaneously sup- 
plying an address signal for selecting an arbitrary 
memory ceO in the memory part and a command 
signal for controlling the memory part to the mem- 
ory part synchronously with a dock signal , 
wherein the memory controller portion changes the 
number of dock cycles between the first and sec- 
ond commands on the basis of a change in a spe- 
cific bit between an address signal obtained 
according to a first command to the memory part 
and the address signal obtained according to a sec- 
ond command subsequent to the first command. 

[0020] A fourth aspect of the present invention is a 
high-speed cyde dock synchronous memory device 
comprising: 

a plurality of cell arrays each consisting of a plurality 
of memory cells, the plurality of cell arrays being 
positioned according to an address format made up 
of a plurality of bits; 

sense amplifier circuit parts shared by neighboring 
cell arrays; and 

a cell array control circurt which receives an 
address information signal for designating a 
desired one of the memory cells, which is con- 
structed according to the address format and con- 
trols the sense amplifier circuits in accordance with 
the address information signal, 
wherein when a first command and a second com- 
mand subsequent to the first command are sup- 
plied to the memory, 

predetermined bits in the address format provide 
information to identify whether a first ceil array cor- 
responding to a first address information signal and 
a second cell array corresponding to a second 
address information signal are the same cell array, 
neighboring cell arrays having a common sense 
amplifier part, or cell arrays which are far from each 
other having no common sense amplifier part by 
comparing the first address information signal pro- 
vided according to the first command with the sec- 
ond address information signal provided according 
to the second command. 

[0021] A f ifth aspect of the present invention is a high- 
speed cyde dock-synchronous memory system com- 
prising: 

at least one high-speed cyde clock-synchronous 

memory device according to claim 21 ; and 

a memory control unit for controlling the at least one 

high-speed cyde dock-synchronous memory 

device, 

wherein the memory control unit determines the 
number of command cycles between the first com- 
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mand and the second command on the basis of 
information provided by predetermined bits in the 
address format 

[0022] Without such a conventional concept of the 
same bank in which an access between a plurality of 
cell arrays having a common data transmission system 
is always controlled at fixed long time intervals, the 
present invention provides a cell array control circuit so 
as to control a plurality of ceil arrays independently and 
individually. With this arrangement, it is possible to opti- 
mize an access time between different word fines into 
an essentially minimized time. More particularly, a 
mutual positional relationship between cell arrays which 
are accessed successively is judged so that the number 
of cycles between commands can be minimized. 
[0023] The memory according to the present invention 
has another feature in that it provides an address con- 
figuration which enables to judge a mutual positional 
relationship between successively accessed cell arrays 
by a change of addresses thereof. The memory having 
the address configuration is suitable for a memory sys- 
tem which first judges a mutual positional relationship 
between cell arrays which are accessed successively 
by a change of addresses thereof, and with this judge- 
ment, optimizes the number of cycles between com- 
mands which decides an access time between different 
word lines. 

[0024] A memory cell array where the positional rela- 
tionship is judged may be a logical cell array comprising 
a plurality of physical cell arrays where a detective word 
line can freely replaced with a spare word One among 
the physical cell arrays. When the present invention is 
applied to a memory having such logical cell arrays, it 
will be possible to optimize an access time between dif- 
ferent word lines in each memory device into an essen- 
tially minimized time while securing a proper quality 
necessary for a good memory device product by 
increasing or decreasing the number of logical cell 
arrays according to the number of occurrences of defec- 
tive word lines, 

[0025] Forjudging a change of addresses, a memory 
controller portion connected to the memory is used. 
Responsive to the change of addresses, the memory 
controller portion controls a signal indicating a timing for 
taking a command. 

[0026] This summary of the invention does not neces- 
sarily describe all necessary features so that the inven- 
tion may also be a sub-combination of these described 
features. 

[0027] The invention can be more fully under stood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

FIG. 1A is a conceptual diagram of the memory 
system according to the present invention; FIG. 1 B 
is a circuit block diagram showing a main part of 
SDRAM according to the invention; and FIG. 1 C is 



v . a circuit diagram corresponding to the area repre- 
sented by broken fine box 123 in FIG. 1B; 
FIG. 2 is a timing chart showing a data read opera- 
tion of the SDRAM shown in FIG& 1 A and 1 B of the 
5 invention; 

FIG. 3 is a timing chart showing a data write opera- 
tion of the SDRAM shown in FIGS, t A and 1B of the 
invention; 

FIGS. 4A and 4B are diagrams illustrating address 
io configurations of cell arrays contained in a 32M bit 
cell block, which is basic element of memory struc- 
ture of the invention; 

FIG. 5 is a circuit block diagram showing an exam- 
ple of cell array controller circuit and word fine 
75 decoders shown in FIG. 1 A; 

FIGS. 6A and 6B are circuit diagrams each shewing 
an example of an array selecting decoder shown in 
FIG. 5; 

FIGS. 7A, 7B and 7C are circuit diagrams each 
20 showing a circuit structure of an example of a col- 
umn switch selecting controller shown in FIG. 5; 
FIGS. 8A to 80 are circuit diagrams showing a cir- 
cuit structure of a word line decoder shown in FIG. 
5; 

25 FIG. 9 is waveform diagrams showing a circuit oper- 
ation of the cell array control circuit and the word 
fine decoder shown in FIG. 5; 
FIG. 10 is a layout block diagram of an cell array 
constituting 512M bit memory consisting from 32M 

30 bit basic blocks according to the invention; 

FIG. 11 is a conceptual diagram showing a role of 
25 bits for identifying an address in 512M bit mem- 
ory; 

FIGS. 12A to 12F are conceptual diagrams each 
55 showing logical cell arrays set accord ng to defec- 
tive state of the memory cell in term of address con- 
figuration; 

FIGS. 13A to 13F are conceptual diagrams showing 
allocation of row addresses corresponding to FIGS. 
40 12A to 12F, respectively; and 

FIG. 14 is a timing chart showing an example of 
data access design according to a conventional 
technique. 

46 [0028] FIG. 1 A is a conceptual diagram of a memory 
system according to the present invention, FIG. 1B is a 
circuit block diagram showing a main part of SDRAM 
according to the invention, and FIG. 1 C is a circuit da- 
gram corresponding to the area defined by broken line 

so box 1 24 in FIG. 1 B, where there are two cell arrays and 
a sense amplifier shared by those two cell arrays. 
[0029] In FIG. 1 A, the operation of the memory portion 
to store predetermined data and the like is controlled by 
predetermined signals issued from a memory controller 

55 portion (for example CPU). The predetermined signals 
include a clock signal (CLK) for controlling an operation 
of each internal circuit in a memory portion, a clock 
latch enable (/CLE), i.e. a control signal to determine 
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whether or not to take a opmmaiid into the m 
ton at a rise-up time of the ckick CLK, an addresssignal 
(for example, a row address, a column address, and an 
array address) for selecting an arbitrary memory cell in 
the memory portion, and a signal (represented as com- 5 
mand related signal) required for a command (ag. Read 
command or Write cornmand) or the like for specifying 
operation of the memory portion. 
[0030] In the above described memory system, sig- 
nals such as the clock signal, the address signal and the w 
command system signal are transmitted from the mem- 
ory controller portion to the memory portion. In case of 
successive write operations, for example, a predeter- 
mined memory cell is selected in the memory portion 
according to row system addresses and column system 75 
addresses, then data is written in the selected memory 
ceO. Thereafter, the bit line is precharged and equalized 
(as described in detail below). Thereafter, in a case that 
rewrite operation (restore) is performed, the memory 
controller portion transmits signals such as address sig- 20 
nal and command signal to the memory portion syn- 
chronously with a clock signal after an predetermined 
interval of time, and in the memory portion a write oper- 
ation is performed in a similar manner to the previous 
operation described above. 2s 
[0031] The interval between commands mentioned 
above (referred to as command interval) conventionally 
relates to command intervals between a plurality of cell 
arrays having the common data transmission system, 
namely, successive access operations (ag. successive 30 
write operations) in the same bank, and has always a 
constant and long period time, and has been fixed. This 
time period has been determined in accordance with a 
time interval with which data is written successively in 
memory cells in the same cell array. This is the same as ss 
successive data read operations. 
[0032] The memory system according to the present 
invention, however, can change a command interval 
according to the kinds of successive accesses (i a a 
case of selecting a memory ceil in the same ceil array in 40 
succession to the previous access, a case of selecting a 
memory cell in an adjacent ceO array in succession to 
the previous access, or a case of selecting a memory 
cell in a remote eel I array in succession to the previous 
access). 45 
[0033] More particularly, the memory controller por- 
tion according to the invention judges the types of suc- 
cessive accesses by a change of address signal 
inputted successively into the memory portion. Thereby, 
the memory controller portion can change the com- so 
mand interval, which has been conventionally fixed, and 
thus controlling the memory portion more efficiently. 
[0034] To achieve such a high-speed access cycle of 
a memory, it is important for each cell array to control 
the cell array for access. This requires an improvement ss 
in a sense amplifier and a special design for access. 
These points are described below. 
[0035] FIGS. 1B and 1C are circuit block diagrams 



showing a main part of SDRAM according to the inven- 
tion. A circuit in FK2L 1 C illustrates a sense system for a 
pair of bit lines (BL, BBL) and a configuration of data 
transfer from cell arrays. Also, FIG. 1B illustrates a block 
of a cefl array control circuit (CNTRLi), and also illus- 
trates a block of a word line decoder (DECi) which is 
controlled in association with the cell array control cir- 
cuit CNTRLi. 

[0036] A synchronous clock signal CLK and a timing 
signal /CLE for taking in a command are inputted into a 
receiver 52 of the clock via a dock buffer 51. The 
receiver 52 issues a synchronous control signal to per- 
form a synchronous control of inputting address (La a 
row signal, an array signal or a column signal), and an 
operational control of a command decoder 53 and a 
control signal generator circuit 54. The command 
decoder 53 is also inputted with a control signal such as 
VCS (chip selecting signal). The control signal generator 
circuit 54 controls the memory operation in synchronism 
with the clock signal CLK by a signal from the cornmand 
decoder 53. 

[0037] There are disposed a plurality of memory cell 
arrays (referred to as ceO array below). A sense ampli- 
fier circuit portion S/A is shared by adjacent two cell 
arrays, for example. ARY1 and ARY2. 
[0038] A memory cell MC in a cell array comprises a 
transistor Q for transfer and a capacitor C for storing 
data. For a typical example, one memory cell MC con- 
nected to a bit Dne BL1 in the cell array ARY1 is shown. 
The memory cell MC, for example, corresponds to an 
arbitrary address connected to a column (e.g. a bit line), 
belonging to a word line WL, which is an arbitrary row 
(line) in the cell array ARY1 . 

[Q039] It is determined which pair of bit Gnes on two 
adjacent cefl arrays ARY1 and ARY2 is to be connected 
to the sense amplifier circuit S/A, by controlling array 
switch signals ASW1, ASW2. 
[0040] N channel MOSFETs 31, 32 have respective 
gates controlled commonly by a array switch signal 
ASW1. The MOSFET 31 has a conductive path con- 
nected to a bit line BL1 at one end and to a sense fine 
BSAL at the other end. 

[0041] N channel MOSFETs 33, 34 have respective 
gates controlled commonly by an array switch signal 
ASW2. The MOSFET 33 has a concftjctive path or chan- 
nel connected to a bit line BBL2 at one end and to a 
sense line BSAL at the other end. 
[0042] The sense amplifier circuit portion S/A includes 
P channel MOSFETs 101, 102 whose sources is sup- 
plied with control signals SAR MOSFETs 101 , 102 have 
respective drains which are connected to the sense 
lines SAL, BSAL, respectively. MOSFET 102 has a gate 
connected to the sense line SAL, and MOSFET 1 01 has 
a gate connected to the sense line BSAL 
[0043] Further, the sense amplifier circuit portion S/A 
includes N channel MOSFETs 103, 104 whose sources 
are supplied with control signals BSAP. MOSFETs 1 03, 
104 have respective drains which are connected to the 
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sense lines SAL BSAL respectively. MOSFET 104 has 
a gate connected to the sense fine SAU and MOSFET 
1 03 has a gate connected to the sense line BSAL 
[0044] In an enable state, the control signal SAP is set 
at a high potential source of the sense amplifier circuit 
portion while the control signal BSAN is set at a low 
potential source (earth potential) of the sense amplifier 
circuit portion. Also in a cfisaWe state, the control signals 
SAP, BSAN are set at an intermediate potential not 
higher than respective threshold voltage levels of MOS- 
FETs 101 to 104. 

[0045] A DQ gate circuit portion 9 configuring an 
input/output line includes a local DQ fine and an overtaid 
DQ line extending in parallel with the bit line. The local 
DQ line comprises a LDQ and a complementary line 
BLDQ, and the overlaid DQ line comprises a ODQ and 
a complementary line BODQ. 
[0046] The local DQ line LDQ is electrically connected 
to the sense fine SAL via the conductive path of N chan- 
nel MOSFET 91. The local DQ line BLDQ is electrically 
connected to the sense line BSAL via the conductive 
path of N channel MOSFET 92. MOSFETs 91, 92 have 
respective gates to which connected is the column 
selecting line CSL 

[0047] The overlaid DQ line ODQ is electrically con- 
nected to the local DQ line LDQ via the conductive path 
of N channel MOSFET 93. The overtaid DQ line BODQ 
is electrically connected to the local DQ fine BLDQ via 
the conductive path of N channel MOSFET 94. MOS- 
FET 98, 94 have respective gates to which connected is 
the array selecting line ASL 

[0048] An equalizer circuit, which equalizes an electric 
potential between a pair of bit lines, is divided into an 
equalizer circuit 10 of the sense amplifier circuit portion 
S/A, an equalizer circuit 1 1 of the cell array ARY1 and 
an equalizer circuit 12 of the cell array ARY2. 
[0049] The equalizer circuit 10 includes a N channel 
MOSFET 105 which is gate-controlled by an S/AEQL 
signal. The MOSFET 105 has a structure in which a 
source and a drain are connected between the sense 
lines SAL and BSAL in the sense amplifier circuit por- 
tion S/A. 

[0050] The equalizer circuit 1 1 includes P channel 
MOSFETs 111 to 113 which are gate-controlled by a 
C/AEQL1 signal. MOSFET 111 has a conductive path 
which is connected between the sense lines SAL and 
BSAL MOSFET 112 supplies a bit line precharge 
potential VBL to the sense line SAL via its conductive 
path. MOSFET 113 supplies a bit fine precharge poten- 
tial VBL to the sense line BSAL via its conductive path. 
[0051] The equalizer circuit 12 includes P channel 
MOSFETs 121 to 123 which are gate-controlled by 
C/AEQL2 signal. MOSFET 121 has a conductive path 
which is connected between the sense lines SAL and 
BSAL MOSFET 122 supplies a bit line precharge 
potential VBL to the sense line SAL via its conductive 
path. MOSFET 123 supplies a bit line precharge poten- 
tial VBL to the sense line BSAL via its conductive path. 



[0052] Equalization of the bit fine and the sense, line- 
before the sense operation can be performed individu- 
ally and independently by controlling array switch sig- 
nals ASW1, ASW2 and equalizer signals C/AEQL1. 

5 C/AEQL2 and S/AEQL 

[0053] The sense lines SAL BSAL complete equali- 
zation more quickly than the bit lines BL BBL because 
the former have a capacitance smaller than the latter. 
After sense and restore operation of the cell array 

io ARY1, for example, the sense lines can be equalized 
earlier than the bit lines, which can be used for the 
sense and restore operation of the succeeding cell array 
ARY2. 

[0054] There are provided cell array control circuits 
is CNTRLi which enable the sense control for each cell 
array independently. The cell array control circuit 
CNTRLi inputs array control signals inducing an row 
address, an array address, a column address, and an 
activation signal (ACT) indicating a command input, and 
20 performs a control of activation of the word Gne and of 
the sense amplifier (BSAN, SAP), a control of equaliza- 
tion of various parts (typically of EQL), and column 
related controls (CSL ASL ASW). 
[0055] Such arrangement in that the sense control is 
25 performed independently for each cell array, provides a 
configuration in which each cell array is controlled as 
one bank. This enables to improve a design of the word 
fine access into those of a more high-speed access 
cycle. 

30 [0056] According to the invention, when the access to 
a memory cell belonging to a word line WL1 is switched 
to the access to another memory cell belonging to other 
word line WL2, it is important to judge a positional rela- 
tionship between the word lines WL1 and W2. Such 

35 judgement enables to minimize the access cycle of the 
word line. 

[0057] When the access to the word line WL1 in a cell 
array is switched to the access to another word fine 
WL2, the positional relationshp between WL1 and WL2 
40 will be indicated by one of the following positions: 

(1) WL2 is in the same cell array as WL1 (Same:S); 

(2) WL2 is in a cell array adjacent to the cell array 
inducing WL1 and sharing the sense amplifier 

45 (Neighbor: N); and 

(3) WL2 is in a cell array far away from the cell array 
including WL1 and not sharing the sense amplifier 
(Far:F). 

so [0058] The sense controls are performed independ- 
ently for each cell array. Therefore, the word line access 
can be performed at any one of the three positions 
above even when all the cell arrays sharing the data line 
are not yet equalized. However, there win be required a 

55 certain rule to determine a time interval (interval Wac) 
between access commands of a word line WL1 and a 
word line WL2. 

[0059] In case of Same (1) above, namely, when the 
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word line in the same cell array is selected, for example, 
the brt line in the cell array ARY1, is sensed and the data 
restore is performed. Thereafter, controls of signals 
such as a drive signal of sense amplifier SAP, BSAN. 
precharge and equalization of sense fine SAL, BSAL 
(S/AEQL signal control), and precharge and equaliza- 
tion of bit line BL1, BBL1 (VBL. C/AEQL1 signal control) 
are completed, then enabling to select the word line for 
the succeeding sense operation. 
[0060] In this case, an interval Wac representing a 
time interval between access commands of a word line 
WL1 and a word line WL2, includes a lapse of time from 
completion of the precharge and equalization of SAP, 
BSAN. SAL, BSAL, BL1, and BBL1 until selecting the 
word lina With this interval Wac being 30 ns, ft will 
become equal to three cycles if the dock cycle is 10 ns. 
[0061] In case of Neighbor (2) above, namely, when 
the word line in the adjacent cell array is selected, for 
example, the bit line in the cell array ARY1, is sensed 
and the data restore is performed. Then, only if controls 
of signals such as a drive signal of sense amplifier SAP, 
BSAN, and precharge and equalization of sense line 
SAL, BSAL (S/AEQL signal control), are completed, 
then it will become possible to select the word line for 
the succeeding sense operation in the adjacent cell 
array ARY2. 

[0062] In this case, the interval Wac, representing a 
time interval between access commands of the word 
line WL1 and the word line WL2, includes a lapse of 
time from completion of the precharge and equalization 
of SAP, BSAN, SAL. and BSAL until selecting the word 
lina With this interval Wac being 20 ns. it will become 
equal to two cycles if the clock cycle is 10 ns. 
[0063] In cased Far (3) above, namely when the word 
line in the remote of far cell array is selected, it is possi- 
ble to select the word line for the succeeding sense 
operation in the remote ceil array not adjacent to the cell 
array ARY1 (ARY3 for example) whenever it becomes 
able to receive any access command (such as read and 
write commands). With this interval Wac being 10 ns. it 
will become equal to one cycle if the clock cycle is 10 
ns. 

[0064] For simplicity of description, only as the equal- 
ization operation of the bit fine, described are precharge 
operation of sense amplifier drive signals SAP, BSAN 
for equalization of the sense lines (SAL. BSAL) 
descrbed above, and the precharge and equalization 
operations of bit Ones (BL, BBL), if not otherwise noted. 
[0065] If such an interval Wac of word line access is 
defined in its specification, access can be effected to 
the internal operation without causing contradiction. In 
this case, however, address input is made without 
address multiplex method in which input timing of row 
address defers from that of column address. 
[0066] This means that it becomes important to 
arrange that physical number of address input signals to 
coincide with that of rows and columns, and that row 
and column are addressed simultaneously at the same 



, . cycle time. This enables to save, a time, for giving 
address command. 

[0067] Therefore, such arrangement makes it unnec- 
essary to wait for address command for column, which 

5 is different from the address multiplex method. Immedi- 
ately after sense data of the sense amplifier are availa- 
ble for operation, data transmission is started for 
restoring data at cells. When the restoring is completed, 
the word fine is inactivated and operation of precharge 

io and equalization is started. 

[0068] As descrbed above, the first features of the 
present invention Ges in a system row address and col- 
umn address are supplied simultaneously. The second 
feature lies in that the access of the word line WL2 suc- 

75 ceeding to the word fine WL1 in the same bank can be 
judged by acknowledging where WL2 is positioned; in 
the same cell array (Same), in an adjacent cell array 
(Neighbor) or in a remote cell array. Thirdly, in response 
to this judgement the number of dock cycles, (namely. 

20 the number of dock cyd es of an access command input 
to the next access command input) is defined in such 
manner that the following relationship is satisfied for 
lock cycle: In the same cell array s between adjacent 
cell arrays s between remote cell arrays". Cases of the 

25 timing setting and internal operation set under this rule 
are indicated below: 

[0069] FIG. 2 is a timing chart showing a read opera- 
tion of SDRAM having a configuration shown in FIGS. 
1B and 1C according to the present invention. CLK is a 

ao synchronous clock signal, and has a dock cycle of 10 
ns in this example. All operations of the memory are 
synchronous with this dock CLK. 
[0070] /CLE (dock latch enable) is a timing signal by 
which command is taken in at a rise-up of CLK if being 

35 "L" (low level) ahead of a rise-up of CLK. For the pur- 
pose of specifying a cyde time at which a command is 
taken in synchronously with the clock CLK. it is impor- 
tant to maintain a certain level in a time period before at 
least a half of the cycle. 

40 [0071] ICS (chip select) is a command signal which 
becomes "L" when a memory chip is selected and a 
command is valid for the selected chip. 
[0072] Add is a address command signal which com- 
bining low and column addresses designates the lead- 

45 ing address of burst data. 

[0073] Aa indicates that a row a of a cell array A has 
been designated. 

[0074] Ab indicates that a row b of cefl array A has 
been designated. 
so [0075] A+c indicates that that a row c of cell array 
adjacent of cell array A has been designated. 
[0076] Bd indicates that a row d of cefl array B has 
been designated. 

[0077] Ce indicates that a row e of cell array C has 
55 been designated. 

[0078] Ce# indicates that a new column # for a row e 

of ceO array C has been designated. 

[0079] Ce$ indicates that a new column $ for a row e 
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of ceO array C has been designated. , ... 

[0080] Cf indicates that a row f of cell array C has been 

designated. 

[0081] /WE is a command signal indicating whether 
the given access operation is a read operation or a write s 
operation. As the access operation is the read operation 
in this figure, aO the commands are TT (high level). 
[0082] /SW (suspend word line) is a command signal 
indicating that a word line is not inactivated immediately 
after the data transmission and is kept active until the 10 
next command comes. /SW indicates maintaining an 
activated state of the word Gne at the condition of V. 
[0083] DM/BS (data mask or burst stop) is a timing 
signal concerning to data input/output In a read opera- 
tion, when "H" is taken in, burst output becomes of high is 
impedance from the data output after one cycle, as indi- 
cated with arrow 21. 

[0084] rCLK is a return clock signal, with which data 
output from a memory cell is synchronous. rCLK is a 
delay signal of synchronous dock CLK which in general 20 
circulates in the memory system and then is newly 
inputted from the external (return clock system). 
[0085] In the return clock system, rCLK phase is 
delayed relative to CLK, but here it is illustrated in the 
same phase. Type of data transmission is so called 25 
DDR (double data rate) system in which two data are 
transmitted in one cycle. 

[0086] In this timing chart, D denotes input data into a 
memory synchronous with dock CLK, and Q denotes 
output data from a memory synchronous with dock so 
rCLK This arrangement however, is made only here for 
the simplicity of explanation, and the actual D and Q 
may be a common data line using the same data bus. 
[0087] A relationship between command cyde and 
output of burst data is a 2.5 cycles, as shown by an 35 
arrow 22. This means that the number of dock cycles 
from command i nput to a data output i. & latency, is 2.5. 
[0088] In the "internal operation" shown in FIG. 2, 
WLact is a rise-up time period for a word line in the cell 
array. After an arbitrary word line corresponding to input 40 
address is risen, a sense operation is performed imme- 
diately, thereby enabling to read data out of a cell array. 
[0089] When a burst length of data (4 bit in this exam- 
ple) is transferred from the cell array to a buffer, the 
restoring of cell data and equalization of brt line are 46 
simultaneously started. (The word One is descended at 
the time of equa l i z ation.) These operations are shown 
with RST&EQL 

[0090] FIG. 2 is a timing chart showing a sequence of 
operations; cell array A is first accessed twice consecu- so 
tively, and then the neighbor array +A, and ceil array A 
and remote cell arrays B, C are accessed, and further 
page access in the cell arrays and a different word line 
access in the same cell array C are effected. 
[0091] Same: In cell array of S (same cell array), 55 
sequence of operations of WL and RST&EQL will never 
be overlapped each other. Interval WAC between com- 
mands is 3 cydes as descrfoed above. 



[0092] Neighbor: In cell array of N (neighboring cell 
arrays), the later half of RST&EQL and WL may be over- 
lapped in operation. Interval WAC between commands 
is 2 cydes as described above. 
[0093] Far: In cefl array of F (remote cell arrays), even 
the first half of RST&EQL overlaps WL in operation 
since WL operation can be started when the access 
command becomes acceptable. Interval WAC between 
commands is one cyde as described above. 
[0094] FIG 3 is a timing chart showing a data write 
operation of SDRAM having a configuration of FIGS. 1 B 
and 1C according to the invention. In a manner similar 
to FIG. 2. it shows a sequence of operations; cell array 
A is first accessed twice consecutively, and then the 
neighbor array +A, and cell array A and remote cell 
arrays B, C are accessed, and further page access in 
the cell arrays and a different word Gne access in the 
same cell array C are effected. 
[0095] FIG. 3 defers from FIG. 2 only in that a timing 
of rising up the word line selection is delayed as shown 
in the internal operation. For its write operation, it 
becomes possible to transfer data to each sense ampli- 
fier and then write the data in each memory cell only 
after burst data is taken into the buffer. 
[Q096] Latency of write operation is set at 2.5, being 
the same as read operation. The write operation is 
started three cycles delayed in comparison with the 
read operation so that such internal operation starts 
after two bit amount of burst data are received. 
[0097] In write operation, when "H" is taken in, DM/BS 
(data mask or burst stop) signal will mask burst data 
one cycle later and thus prohibiting the data from being 
written in the corresponding address as indicated with 
an arrow 21. 

[0098] As FIG. 3 shows the write operation, /WE sig- 
nal is reversed from that in FIG. 2. Data is transmitted to 
the data bus synchronously with clock CLK as indicted 
with D. 

[0099] An example in which a memory having the 
above design is controlled will be explained below. 
[0100] FIGS, 4A and 4B are cfiagrams illustrating a 
configuration of cell arrays contained in a 32M bit cell 
block, which is a basic element of memory structure of 
the invention. This cell array block comprises 32 units of 
1M bit cell array (MAC1 to 32). 1Mbit cell array indudes 
521 word lines (512WL) and 2k columns (2048 col- 
umns). 

[0101] A pair of DQ lines per 16 coJimns are led com- 
monly from respective cell arrays. This means totally 
128 DQ pairs are provided for data transfer in one cell 
array block. In case of 16 bit I/O configuration, it pro- 
vides 8 DQ pairs per one I/O unit WHh this arrangement 
of DQ Gne blocks, the data to be transferred become 
burst data of 8 bit at maximum. 
[0102] In this structure, referring to FIGS. 1 B and 1 C, 
for one overlaid DQ line (ODQ), there are provided with 
16 column selecting lines (CSL) in respective cell 
arrays, serving as data transfer switch for transferring 



8 



15 



EP 0 973 167 A2 



16 



dam from each one of 16 sense amplifiers to one local 
DQ line LDQ. Array selecting line (ASL) becomes a 
transfer switch for connecting a local DQ Gne LDQ of the 
selected cell array to a overlaid DQ line ODQ used com- 
monly for all cell arrays. s 
[0103] In FIGS. 4A and 4B, address to select cell 
arrays MCA 1 to 32 can be indicated with 5 bit of array 
addresses A16 to A20. FIG. 4A shows a classification 
methods (I), and FIG. 4B shows a classification method 
(II). 10 
[0104] Now the classification method (I) wfll be 
explained. Lower order bit A16 and A17 are referred to 
as N. N-sup. respectively below. Observing a change of 
bit in N (A16) and N-sup. (A17) in the succeeding 
access command, it becomes possible to discriminate is 
Same (same cell array). Neighbor (neighboring cell 
array), and Far (remote ceO array) from one another. 
[0105] Namely, for Same, even one bit of change is 
not seen in array addresses (A16, ... A20). 
[0106] For Far, with N (A16, here) being unchanged, it 20 
may change, even if array addresses other than N is 
one bit (for example in relation between MCA2 and 
MCA4). When N changes, but neither N nor N-sup., i.a 
neither A16 nor A17 do not change from 1 to 0 or vice 
versa, bit order other than N and N-sup. changes (for 25 
example in relation between MCA2 and MCA 5). 
[0107] For Neighbor, there may be seen any address 
changes other than those descrbed above. Namely, 
only N (A16 here) changes (for example in relation 
between MCA1 and MCA2). Alternatively, only N and N- 30 
sup., Le. A16 and A17 change simultaneously (for 
example in relation between MCA2 and MCA3). Other- 
wise both N and N-sup. change from 1 to 0 or vice versa 
(for example in relation between (MCA4 and MCA5). 
[0108] Now the classification method (II) will be as 
explained. This classification method uses so called 
gray code, a binary code in which sequential numbers 
are represented by binary expressions, each of which 
differs from the preceding expression in one place only. 
If only one bit among A16 to A20 changes, it can be 40 
judged as Neighbor, because of the above nature of the 
gray code that there is only one place (or one bit) differ- 
ing between neighboring two expressions. More than 
two bits change and no bit change are judged as Far, 
Same, respectively. 45 
[0109] Main parts of cell array control circuit CNTRLi 
and word line decoder DEO" in FIG, 1B are descrbed 
below. 

[011 0] FIG. 5 is a circuit diagram showing an example 
of cell array control circuit CNTRLi and word line so 
decoder DECi in FIG. 1 B. In case of cell array of 32M bit 
cell block structure in FIGS. 4A and 4B. 32 units of this 
cell array control circuit CNTRLi and word line decoder 
DECi are provided, (i = 1 to 32). 

[0111] Array selecting decoder 201 inputs activation ss 
signal ACT indicating an array address and command 
input, and outputs complementary signal of MATCH I, 
/MATCH I and BNKi signal. 



[0112] A word line controller 202 and a sense control- 
ler 203 are controlled by BNKi signal. The word line con- 
troller 202 outputs control signal /RDPR, RDACT for the 
word fine decoder DECi. The sense controller 203 out- 
puts control signal CENBi for a column switch selecting 
controller 205, control signals BSAN, SAP for the sense 
amplifier circuit S/A, and respective control signals EQL 
(representing S/AEQL, C/AEQL1, C/AEQL2) for 
respective equalizer circuits 10, 1 1, 12. 
[0113] The column switch selecting controller circuit 
205 generates signals CSL, ASL, and ASW by using 
column address, CENBi and complementary signals of 
MATCH I, /MATCHI. 

[0114] The word line decoder DECi controls the selec- 
tion of word lines by using row address and control sig- 
nals /RDPRC, RDACT. 

[0115] Such cell array control circuit CNTRLi and word 
line decoder DECi are controlled to complete automati- 
cally successive operations wfth a certain delay from a 
command. The successive operations here include; 
receiving address, selecting a word line, inactivating the 
word line, and equalizing column related portions. Of 
course, during a word fine selected period, transferring 
of data amplified by the sense amplifier and restoring of 
data into cells are effected. 

[0116] Preferred embodiments of the present inven- 
tion for major circuit configuration of cell array control 
circuit CNTRLi and word line decoder DECi disposed in 
the circuit block are described below. 
[01 1 7] FIG. 6A is a circuit cfiagram showing an array 
selecting decoder 201 in the cell array control circuit 
CNTRLi. NAND gate 301a inputs a signal representing 
an array address consisting of bits A16 to A20 such as 
shown in FIGS. 4A and 4B. Connection between the 
NAND gate 301a and the signal representing address 
A16 to A20 is denoted with connection G1 for simplicity 
of explanation. As shown in FIG. 6B, 32 ways of connec- 
tions are provided at respective complementary lines of 
address A16 to A20. 

[0118] Those 32 ways of connections are provided 
corresponding to respective cefl array control circuits 
CNTRL 1 to 32 cfisposed in ceO arrays NCA1 to MCA32 
shown in RGS. 4A and 4a (Here is shown connection 
based on the sorting method (i) of FIG. 4.) 
[0119] In FIGL6A, the output of the NAND gate 301a 
is /MATCHI. The output of the succeeding inverter 302a 
is MATCHI. MATCHI signal and ACT signal indicating 
command containing cycle are inputted into a NAND 
gate 305a. The output of the NAND gate 305a is input- 
ted into a NAND gate 306a, where it is inputted in set of 
f Bp-flop. Output of NAND gate 306a is BNKi. 
[0120] BNKi signal becomes PRCi signal via delay 
element 307. PRCi signal is inputted into the NAND 
gate 304a via the inverter 303a, where it is inputted in 
reset of flip-flop. 

[Q121] Such array selecting decoder 201, being syn- 
chronous with ACT signal (pulse signal), becomes "H" 
upon a rise-up of BNKi signal corresponding to such cell 
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array having MATCHI signal being "H* (high level), and 
becomes "L" (low level) upon a fall of BNKi signal with a 
certain delay time. 

[0122] Therefore, from the state that both ACT and 
MATCHI signals are "H w , ACT signal starts to fall to 
make output of NAND gate 305a TT. Thereafter, the 
output of flip-flop is kept at "hT until a change of BNKi 
signal from "L" to W H" leads to change PRCi signal, such 
change being delayed by the delay element 307, and 
eventually changing output of inverter 303a from "H" to 
"L\ When output of the inverter 303a becomes "L". both 
outputs of flip-flop at NAND gate 306a becomes "H\ 
thereby changing BNKi signal from "H~ to "L\ 
[0123] FIGS. 7A to 7C are circuit diagrams each 
showing a circuit structure included in a column switch 
selecting controller 205 in the cell array control circuit 
CNTRLi, in which signal of column selecting line CSL is 
generated. 

[0124] In FIGS. 4A and 4B, there are provided with 16 
column selecting lines (CSL) serving as a data transfer 
switch for transferring data from each of 1 6 sense ampli- 
fiers to one local DQ fine LDQ. Therefore, this enables 
to allocate 4 bits address data for each of 16 column 
addresses. Those address are denoted with A3 to A6 
here. 

[0125] Now the circuit in FIG. 7A will be explained. 
NAND gate 501 inputs some of column address signals 
A3toA6. There are provided with delayed elements 502 
in front of input of NAND gate 501 . Output of NAND gate 
501a becomes a signal YA (0; 15) via the inverter 503. 
[0126] (0; 15) means that there are 16 YA signals to 
be generated for each unit More particularly, there are 
16 (the number of possible combinations of four bits A3 
to A6) units provided for respective memory cell arrays 
each having the structure as shown in FIG 7 A. 
[0127] Connection between signals A3 to A6 repre- 
senting an address and the NAND gate 501 are indi- 
cated with connection sign G2 similar with connection 
signs G1 in FIG. 6A. That means that there are provided 
sixteen connecting combinations of complementary 
lines of signals A3 to A6 representing an address, for 
each of 1 6 units having the structure in FIG. 7A. 
[0128] Now the circuit shown in FIG. 7B will be 
explained. NOR gate 505 inputs /MATCHI signal and 
/CENBi signal (reverse signal of CENBi). NOR gate 506 
inputs MATCHI signal and /CENBi signal. Output of 
NOR gate 505 represents one of inputs of NOR gate 
507. Output of NOR gate 506 represents one of inputs 
of NOR gate 508. 

[0129] Output of NOR gate 508 represents one of 
inputs of NOR gate 507. Output of NOR gate 507 repre- 
sents one of inputs of NOR gate 508. In addition, NOR 
gate 08 inputs /CENBi signal. Output of NOR gate rep- 
resents SWONi signal. 

[0130] CENBi signal is a signal from the sense con- 
troller 203 cfisposed in the circuit in FIG. 5. Embodiment 
of the sense controller 203 is not shown in this descrip- 
tion. CENBi signal is column enable signal to be gener- 



ated upon receiving BNKi .signal. _ 
[0131] That is, in the circuit of FIG. 7B, SWONi signal 
is set at "H" when CENBi signal is at "H* (/CENBi is *L"). 
If CENBi signal is at "L" (/CENBi is H"), SWONi signal 

5 conform to MATCHI signal. 

[0132] Now the circuit shown in FIG. 7C will be 
explained. OR gate 51 1-1 inputs signal SWONi and sig- 
nal SW0NM . Signal SWONi-1 is a signal used for a cell 
array adjacent to other cell array using signal SWONi. 

w That is. signal SWONi-1 is generated within the cell 
array control circuit CNTRLi-1 . 
[0133] NAND gate 512-1 inputs output of OR gate 
511-1 and signal YA (0; 7). Output of NAND gate 512-1 
generates signal CSL (0; 7) via an inverter 513-1. 

is [0134] (0; 7) means that there are 8 CSL signals to be 
generated corresponding to 8 YA signals (0; 7). More 
particularly, there are provided 8 circuit units each com- 
prising 511-1, 512-1 and 513-1. 
[0135] OR gate 51 1-2 inputs signal SWONi and signal 

20 SWONh-1 . Here signal SWONh-1 means a signal used 
for a cell array adjacent at the other side to the cell array 
using signal SWONi. That is, signal SWONi+1 is gener- 
ated within the ceil array control circuit CNTRL+1 . 
[0136] NAND gate 512-2 inputs output of OR gate 

25 51 1-2 and signal YA (8; 15). Output of NAND gate 512- 
2 generates signal CSL (8; 15) via an inverter 513-2. 
[0137] (8; 15) means that there are 8 CSL signals to 
be generated corresponding to 8 YA signals (8; 15). 
More particularly, there are provided 8 circuit units each 

30 comprising 51 1-2. 512-2 and 513-2. 

[0138] FIGS. 8A to 8D are circuit diagrams showing a 
word line decoder DECi. As show in FIGS. 4A and 4B, 
each of cell arrays comprises 512 word fines (512 WL). 
Therefore, this enables to allocate 9 bits address data 

36 for each of word Ones in one cell array. Those address 
are denoted with A7 to A15 here, 
[0139] Now the circuit shown in FIG. 8A will be 
explained. Node 40 is precharged at high potential 
(Vboot) by conduction of P channel MOSFET 401 in 

40 advance. While providing earth potential level by con- 
duction of N channel MOSFET 405, the node 40 inputs 
signals out of some addresses A7 to A9 to resume 
NAND logic. 

[0140] These gate control signal /RDPRC, RDACT of 
45 MOSFET 401 , 405 are supplied form the word line con- 
troller 202 shown in FIG. 5. Embodiments of the word 
line controller 202 is not explained in this description. 
Signal /RDPRC is a precharge signal synchronous with, 
for example, BNKi signal. Signal RDACT is a control sig- 
so nal to provide give an earth potential during a period of 
decoding. 

[0141] In effect when N channel MOSFET 402 to 404 
in series input address signal A7 to A9 at the respective 
gates, the potential level of node 40 becomes at earth 
55 potential "L" if all are turned on, or it becomes high level 
"H" of Vboot if there is at least one turned off. 
[0142] Level of the node 40 is latched in the latch cir- 
cuit Latch output becomes signal WLD (0; 7) via two 
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inverters IV1JY2, and becomes signal /WUDR(0; 7) via , 
the inverter I V1. 

[0143] (0; 7) means that there exist eight signals con- 
sisting of WLD, /WLD, respectively. More particularly, 
there are 8 units having the structure shown in FIG. 8A, s 
i.e. the number of combinations of bits A7 to A9 repre- 
senting an address. 

[0144] Connection between respective gates of MOS- 
FET 402 to 404 and address A7 to A9 are indicated with 
connection sign G3 which similar with connection signs w 
G1 in FIG. 6 A, for the purpose of simplif ication in expla- 
nation. This means that there are provided with 8 con- 
necting combinations of complementary lines of 
addresses A7 to A9 for each of 8 units. 
[0145] In a circuit of FK3L 88, the remaining word line is 
address A10 to A15 are used. NAND gate 406a 
resumes NAND logic in pattern of address A10 and 
A11. Output of NAND gate 406a becomes PXA (0; 3) 
via an inverter IVa. 

[0146] NAND gate 406b resumes NAND logic in pat- so 
tern of address A12 and A13. Output of NAND gate 
406b becomes PXB (0; 3) via an inverter rVb. 
[0147] NAND gate 406c resumes NAND logic in pat- 
tern of address A14 and A15. Output of NAND gate 
406a becomes PXC (0; 3) via the inverter IVa 25 
[0148] (0; 3) means that there exist 4 signals for each 
of PXA, PXB, PXC to be generated. More particularly, 
there are 4 units each having the structure shown in 
FIG. 8B, La corresponding to the number of combina- 
tions of bits representing the address. so 
[0149] Connection between NAND gate 406a and 
address A10 to A11 is indicated with connection sign 
G4 which is similar to connection sign G1 in FIG. 6A for 
the purpose of simplification of explanation. This means 
that there are provided with 4 connecting combinations as 
of complementary lines of address A10, A1 1 for respec- 
tive 4 units each comprising NAND gate 406a and the 
inverter IVa. 

[0150] Further, connection signs G5 for NAND gate 
406b address A12 to A13. and connection signs G6 for 40 
NAND gate 406c and address A14 to A15 are con- 
structed in a similar manner to that of G4. 
[0151] Now the circuit shown in FIG. 8C will be 
explained. Node 41 is precharged at high potential level 
(Vboot) by conduction of P channel MOSFET 407 in 46 
advance. While providing earth potential level by con- 
duction of N channel MOSFET 411, the node 41 
resumed a NAND logic in respective signal patterns of 
PXA (0; 3), PXB (0; 3), PXC (0; 3). 
[0152] Gate control signal /RDPRC, RDACT of MOS- so 
FET 407, 41 1 are similar to those explained in FIG. 8A. 
The signal /RDPRC is a precharge signal synchronous 
with, for example, BNLi signal. Signal RDACT is a con- 
trol signal to provide an earth potential during a period 
of decoding for addresses A7to A9. ss 
[0153] In effect, if N channel MOSFETs 408 to 41 1 in 
series are ail turned on by gate controls of respective 
signals PXA (0; 3). PXB (0; 3). PXC (0; 3), the node 41 



becomes at earth potential "L"* and if there is at least 
one turned off, it becomes high level "H" of Vboot 
[0154] Level of the node 41 is latched in the latch cir- 
cuit Latch output becomes signal /DRC (0; 63) via 
inverter IV3. (0; 63) means that there exit 64 signals of 
/DRC. More particularly, there are 64 structure units in 
FIG. 8C, La the number of combinations of signals PXA 
(0; 3), PXB (0; 3), PXC (0; 3). 
[0155] Now the circuit shown in FIG. 8D will be 
explained. P channel MOSFET 413 is supplied to its 
source with the level of signal WLDR (0; 7). N channel 
MOSFET 414 is supplied to its source with the earth 
potential. 

[0156] MOSFET 413, 414 are gate-controlled by sig- 
nal /RDC (0; 63). There is provided a conductive path of 
N channel MOSFET 415, which is connected between 
connection node 43 in drains of MOSFET 413 and 414 
and an earth potential. The MOSFET 415 has a gate to 
which the level of signal /WLDR(0; 7) is supplied. 
[0157] Level of connection node 43 becomes word 
line drive signal (0; 51 1). (0; 51 1) means that there exist 
512 word line drive signals corresponding to the number 
of word lines. More particularly, there are 512 units each 
having the structure shown in FIG. 8D, i.e. the number 
of combinations of signals /RDC (0; 63), WLDR (0; 3) 
(/WLDR (0; 3) is determined unilaterally). 
[0158] FIG. 9 is a waveform diagram showing circuit 
operations of the cell array control circuit CNTRLi and 
the word line decoder DECi. Major internal signals 
shown in circuit structures in FIGS. 6A to 8D are also 
shown. Command is supplied in synchronism with clock 
CLK, and ACT signals is issued, and the circuit oper- 
ates in accordance with address Ai (i.e. row address, 
array address, column address here). 
[0159] Though the signals from the sense controller 
203 are not descrfoed in detail, as noted above, there 
are shown BSAN, SAP which are activation signals for 
sense amplifier. Though the respective control signals 
EQL are not shown here, but S/AEQL, C/AEGL1, 
C/AEQL2, for example, become active at the same tim- 
ing. At least, active state of S/AEQL wfll terminate ear- 
lier than those of C/AEQL1 and C/AEQL2. and is 
utilized for the succeeding access before being con- 
nected to a predetermined bit One. 
[0160] In actttfon. the cefl array control circuit CNTRLj 
is the one which is not adjacent to but far away from the 
cell array control circuit CNTRLi. CNTRLj operates fol- 
lowing a waveform similar to that of CNTRLi corning 
later than the second command. 
[01 61 ] FIG. 10 is an layout block diagram of cell arrays 
constituting 512M bit memory, which comprises 32M bit 
basic blocks as descrfoed above. The memory is 
formed by arranging 16 blocks of cell arrays, as shown 
in FIG. 1 0, each block consisting of a 32M-bit cell array 
shown in FIGS. 4A and 4B. 4-bit address is necessary 
to designate one of the blocks. 
[0162] FIG. 11 shows a role of 25 bits constituting an 
address of 512M bit As explained in FIGS. 4A and 48, 
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each word line is connected to 2k (2048) columns via. 
respective memory cells. These columns constitute a 
page equivalent of 16 bit I/O. That is, every 8DQ pairs of 
128DQ pairs (pairs of local DQ lines) form one I/O. 
[0163] A column address is composed of AO to A6.i.a 
total 7 bits. Among the 7 bits, 3 bits AO to A2 represent 
a burst address. Since 8DQ pairs form one I/O, 8 bit 
buret is obtained at maximum. The remaining bits A3 to 
A6 constitute a page address. 
[0164] Now row address will be explained. As the cell 
arrays are composed of 512 word lines in the embodi- 
ment of the invention, A7 to A15, total 9 bits, are allo- 
cated to address word fines in the same cell arrays 
Same. 

[0165] Array address will be explained now. Total 5 
bits, A16 to A20, are allocated to discriminate cell arrays 
in the 32M bit ceO array block. Among them, A16 and 
A1 7 are important bits to discriminate Same (same ceil 
arrays), Neighbor (adjacent cell arrays), and Far 
(remote cell arrays). Address relationship is already 
explained referring to FIGS. 4A and 4B. 
[0166] The remaining bits A18 to A20 are those 
related to Far. Also total 4 bits, A21 to A24, are a block 
address to direct one of the 32M bit blocks of the blocks 
constituting 512M bit memory. 
[0167] By employing a gray code for A16 to A20, 
whether or not a change in one of the bits other than 
block address bits among the row address bits occurs is 
used to judge the Neighbor. 

[0168] Solar all the considerations have be developed 
on assumption that an address should be set based on 
physical minimum unit of a ceO array constituting 32M 
bit cell array block (FIGS. 4A and 4B), that is, a physical 
cell array of 1Mbit 

[0169] However, one logical cell array in a 32M cell 
array block may become larger in size than the physical 
cell array depending on how word line address block are 
set That will improve freedom of memory. 
[0170] A case in which redundancy is provided in cell 
array wiO be explained with reference to cell arrays in 
FIG. 4A. 4Bor 10. In addition to 51 2 word lines, each of 
cell arrays is provided with more than one spare word 
line for replacement of a defective word line regarded as 
defective (referred to as defective word line hereinafter). 
[0171] Given that such defective word line is replaced 
with a spare word line, ft use of such spare lines is lim- 
ited to those included in the physically same cell array to 
which the defective word line belongs, the replaceable 
area range of word lines is consistent with the physical 
structure in that one 32M bit block has 32 units of cell 
arrays as descnbed above. 

[0172] In this case, however, replacement of defective 
word line is limited to a small physical cell array. As a 
result, a spare replacement cannot be effected, if a 
number of defections take place intensively in one cell 
array, thus making redundancy less efficient 
[0173] On the other hand, if free replacement of defec- 
tive word line with a spare word One can be made mutu- 



ally between neighboring cell arrays, freedom in 
replacing defective word fine increase as twice as the 
preceding case, thus making redundancy more effi- 
cient 

5 [0174] rf a defective word line included in any one of 
cell arrays in one 32M bit block is replaceable with one 
of spare word lines in any one of cell arrays, maximum 
efficiency of redundancy can be obtained. According to 
this system, a memory system can be realized by seJec- 

10 trvefy determining a cell array range where spare word 
line can be replaced dependent on conditions of occur- 
rence of defective word line. 
[0175] rt is therefore possible to provide a memory 
device which optimizes an access time between differ- 

is ent word lines with high utilization rate of redundancy by 
applying the present invention with a memory system 
concept that the cell array range (referred to as "logical 
cell array" hereinafter) where spare word lines can be 
replaced can be varied in size by address setting 

20 depending on utilization rate of redundancy. 

[0176] With this arrangement the number of logical 
cell arrays included in one block becomes the maximum 
(which equals to the number of physical cefl arrays in 
the block) if there found no defective word Ones, rf there 

25 found any detective word lines, the number of logical 
cell arrays included in one block will be reduced 
depending on the number of defective word lines. This 
enables to maintain the suitable quality of the memory 
device. 

30 [0177] FIGS. 12A to 12F are diagrams each showing 
logical cell arrays formed depending on the defection of 
memory cells. 

[0178] FIG. 12A shows a case in which replacement 
of defective word lines takes place within one physical 

as cell array in which the defective word lines are included. 
One logical cell array is composed of one physical cell 
array. This arrangement is the same as that of FIG. 11. 
[0179] FIG. 12B shows a case in which replacement 
of defective word lines takes place freely between two 

40 neighboring physical cell arrays, that is, in which one 
logical cefl array is formed of two neighboring physical 
cell arrays. Hit is presumed that word line address is set 
based on the physical cell array as shown in FIG. 12A. 
it is impossftxe to determine which cell array the 

45 replaced spare word line belongs to, by referring to the 
address. In this context it is therefore necessary to 
make a mapping of logical address so that each of adja- 
cent pairs of physical cell arrays, discriminated graphi- 
cally with diagonal lines in the drawings, corresponds to 

so one logical cell arrays. 

[0180] FIG. 12C shows a case in which replacement 
of defective word lines arrays takes place freely 
between four neighboring physical cefl arrays, that is, in 
which one logical cell array is formed of four neighboring 

55 physical cell arrays. If it is presumed that word line 
address is set based on the physical cell array as shown 
in FIG. 12A,itisirrfx>ssibletodeterrrdnetowhichoneof 
the four cell arrays, combined together, a spare word 
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line should be belonged, by only an address. It is there- 
fore necessary to make a mapping of logical address so 
that each of four physical cell arrays, discriminated 
graphically with diagonal lines in the drawings, corre- 
sponds to one logical cell arrays. 
[0181] FIG. 12D shows a case in that replacement of 
defective word lines takes place freely between eight 
neighboring physical cell arrays, that is, in which one 
logical cell array is formed of eight neighboring physical 
cell arrays. If it is presumed that word line address is set 
based on the physical cell array as shown in FIG. 12 A, 
it is impossfole to determine to which one of the eight 
cell arrays, combined together, a spare word line should 
be belonged, by only an address. It is therefore neces- 
sary to make a mapping of logical address so that each 
of eight physical cell arrays, discriminated graphically 
with diagonal lines in the drawings, corresponds to one 
logical ceD arrays. 

[0182] FIG. 12E shows a case in which replacement 
of defective word lines arrays takes place freely 
between sixteen neighboring physical cell arrays, that 
is, in which one logical ceO array is formed of sixteen 
neighboring physical cell arrays. If it is presumed that 
word line address is set based on the physical cell array 
as shewn in FIG. 12A, it is impossHe to determine to 
which one of the sixteen cell arrays, combined together, 
a spare word One should be belonged, by only an 
address. It is therefore necessary to make a mapping of 
logical address so that each of sixteen physical cell 
arrays, discriminated graphically with diagonal lines in 
the drawings, corresponds to one logical cell arrays. 
[0183] FIG. 12F shows a case in which replacement 
of defective word fines takes place freely among all 
physical cefl arrays of a whole 32M bit block. Hit is pre- 
sumed that word line address is set based on trie phys- 
ical cell array as shown in FIG. 12A, it is impossible to 
determine to which ceO arrays, a spare word line should 
be belonged, by only address, ft is therefore necessary 
to make a mapping of logical address so that the physi- 
cal cell arrays of the whole block corresponds to one 
logical cell array. 

[0184] FIGS. 13A to 13F are conceptual diagrams 
showing allocation of row addresses. Configurations in 
FIGS. 13A to 13F correspond to those in FIGS. 12A to 
12F, respectively. For convenience of explanation, col- 
umn address is omitted here. 
[0185] Each address is set based on the physical cell 
array as shown in FIGS. 12A to 12F To achieve a high- 
speed cycle, cSscrimination brt(s) of Same (same cell 
array), Neighbor (neighboring cell array), and Far 
(remote cell array) may be also provided accordingly if 
necessary. 

[0188] It should be noted that the number of physical 
cell arrays forming one logical cell array increases in 
accordance with a transition from FIGS. 12A to 12F. In 
effect, transitioning from FIGS. 13A to 13F, the number 
of bits of word line address in Same increases, and thus 
the bit order of N and N-sup. shifts up. In FIG. 1 3F, there 



disappears a concept of neighboring cefl arrays. 
[0187] As noted above, address allocation suggests 
how the cell array configuration should be conformed to 
memory operations. Responsive to such address alio- 

5 cation, the memory controller portion, not shown, modi- 
fies a bit range of array addresses, which enables to 
discriminate Same, Neighbor, and Far as for cell arrays 
to be accessed. In case of utilizing the gray code. 
Neighbor is found when array address excluding block 

w address is changed at only one bit. 

[0188] With the arrangement described above, when 
a word line is defective, the word line to which a cell 
sensed simultaneously in a cell array belongs is 
replaces with a spare word line, by serving the cell array 

is including the spare word line as a new cefl array, it is 
possible to discriminate the same cefl array, the neigh- 
boring cell array, and remote ceO array. This means that 
the rnernory can be operated based on decision of com- 
mand cycle according to the present invention, even rf 

20 the redundancy may be or not be used. 

[0189] According to the present invention, as 
described above, it is possible to minimize the number 
of cydes between arbitrary address access command s . 
The system enables the memory controller portion 

25 (such as CPU) to determine based on a change of a 
certain address where it should be accessed, i.e. 
mutual positional relationship of cell arrays (whether it Is 
within the same cell array, to the adjacent cell array, or 
to the remote cell array), and thus it become possible to 

30 determine the timing of inputting access command with 
the essentially minimum cycle time. As a result effi- 
ciency of data transfer can be largely improved. 
[0190] According to the present invention, positional 
relationship of cell arrays to be accessed are judged 

35 from a change of address, which optimized the number 
of cycles between commands to the essential minimum. 
It is therefore possible to provide a high-speed cycle 
dock-synchronous rnernory and a rnernory system hav- 
ing an substantially improved efficiency of data transfer. 

40 

Claims 

1. A high-speed cycle clock-synchronous memory 
device characterized by comprising: 

45 

a plurality of cell arrays, each comprising a plu- 
rality of memory cells; 

a sense amplifier circuit section (S/A) shared 
by said cell arrays; and 

so a cell array control drcurt (CNTRLi) to which 

row and column addresses are simultaneously 
inputted to designate an arbitrary one of said 
memory cells and which controls an access to 
each of said plurality of cell arrays, independ- 

55 entry of any other cell array, 

wherein the cell arrays have such an address 
configuration that a first address obtained 
according to a first command is compared with 
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a second address obtained according to a sec- 
ond command received after the first command 
and whether an access is made to the memory 
ceils of the same cell array, of neighboring cell 
arrays, or of remote cell arrays in accordance 
with the first and second commands is deter- 
mined from a difference between the first and 
second addresses in terms of specific bits. 

2. A memory device according to claim 1, character- 
ized in that the number of clock cycles between said 
first and second commands satisfies the following 
relation: 

(Number of clock cycles when the cells of the 

same array are accessed). 

* (Number of clock cycles when the cells of 

neighboring arrays are accessed). 

s (Number of clock cycles when the cells of 

remote are accessed). 

a. A memory device according to claim 1, character- 
ized in that a signal for maintaining a predetermined 
level at least for a period before the half of the cycle 
of a clock (CLK) is used to designate a timing of 
receiving the command simultaneously with a 
clock. 

4. A memory device according to claim 1 . character- 
ized in that said memory can operate in a burst 
access operation mode in which memory cells hav- 
ing the subsequent addresses can be accessed 
when an address of the head memory cell is sup- 
plied by said command. 

5. A memory device according to claim 1 , character- 
ized in that latency, which is a period from supply of 
said command until a clock cycle in which data is 
transmitted or received, is the same at the time of 
data reading operation as at the time of data writing 
operation. 

6. A memory device according to claim 1, character- 
ized in that said address configuration shows a 
physical position of each of said cell arrays and is 
encoded in the form of a gray code which changes 
only one bit between neighboring ceO arrays, 

7. A memory device according to claim 1 , character- 
ized in that said cell arrays each comprises at least 
one spare word line, said at least one spare word 
line replaces a word line (WL) when the word line 
(WL) to which cells simultaneously detected by said 
sense amplifier circuit section (S/A) are connected 
is regarded as being defective in said cell array, and 
the cell array including the spare word line which 
has replaced the word line (WL) regarded as defec- 
tive is used as a new cefl array, whereby it is deter- 



, mined whether an access is made to the memory 
cells of the same cefl array, of neighboring cell 
arrays, or of remote cell arrays. 

5 a A high-speed cycle dock-synchronous memory 
device characterized by comprising: 

a plurality of cell arrays, each comprising a plu- 
rality of memory cells; 
io sense amplifiers (S/A) shared by said cell 

arrays; and 

a cell array control circuit (CNTRLi) to which 
row and column addresses are simultaneously 
inputted to designate an arbitrary one of said 

is memory cells and which controls an access to 

each of said plurality of cell arrays, independ- 
ently of any other cell array, 
wherein a signal for maintaining a predeter- 
mined level at least for a period before the half 

20 of the cycle of a clock is used to designate a 

timing of receiving the command simultane- 
ously with a clock, and the subsequent 
addresses can be accessed when an address 
of the head memory address is supplied, in a 

25 burst access operating mode. 

9. A memory device according to claim 8, character- 
ized in that with respect to the receipt of command, 
it is determined whether an access is made to the 

so memory cells of the same cell array, of neighboring 
cell arrays, or of remote cell arrays in accordance 
with the first and second commands, from presence 
or absence of a change in a specif ic bit between an 
address obtained according to the first command 

35 and an address obtained according to a second 
command received after the first command, and the 
number of clock cycles between said first and sec- 
ond commands satisfies the following relation: 

40 (Number of dock cycles when the cells of the 

same array are accessed). 

s (Number of dock cycles when the cells of 

neighboring arrays are accessed). 

£ (Number of dock cycles when the ceils of 
45 remote are accessed). 

10. A memory device according to daim 8, character- 
ized in that latency, which is a period from supply of 
an access command until a dock cycle in which 

so data is transmitted or received, is the same at the 
time of data reading operation as at the time of data 
writing operation. 

11. A memory device according to daim 9, character- 
55 ized in that an address indicative of a physical posi- 
tion of said cell array is encoded in the form of a 
gray code which changes only one bit between 
neighboring cell arrays. 
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1 2. A memory device according to daim 1 1 , character- 
ized in that each of said cell arrays has at least one 
spare word line which replaces a word line (WL) to 
which cells simultaneously detected by said sense 
amplifier circuit section (S/A) are connected when 
the word line (WL) is regarded as being defective in 
said cell array, and an address is allocated to each 
of memory cell arrays so that a cell array in the word 
line (WL) replaced with the spare word line is used 
as a new cell array, whereby it is determined 
whether an access is made to the memory cells of 
the same cell array, of neighboring cell arrays, or of 
remote cell arrays. 

13. A high-speed cycle clock-synchronous memory 
system characterized by comprising: 

a memory section having a plurality of cell 
arrays, each comprising a plurality of memory 
cells and to which row and column addresses 
are simultaneously inputted to desi^iate an 
arbitrary memory ceil among said memory 
cells, wherein an access to each cell array is 
controlled independently of any other memory 
array; and 

a memory controller section for simultaneously 
supplying an address signal for selecting an 
arbitrary one of said memory section and a 
command signal for controlling said memory 
section to said memory section synchronously 
with a clock signal (CLK), 
wherein said memory controller section 
changes the number of dock cycles between 
said first and second commands on the basis 
of change in specific bits between an address 
signal obtained according to a first command 
supplied to the memory section an address sig- 
nal obtained according to a second command 
received after the first command. 

14. A memory system according to claim 13, character- 
ized in that said memory controller section supplies 
to said memory section a signal designating a tim- 
ing of receiving a command, thereby to designate a 
cyde in which said command signal is obtained by 
said memory section. 

15. A memory system according to claim 13, character- 
ized in that said memory controller section deter- 
mines whether an access is made to the memory 
cells of the same cell array, of neighboring cell 
arrays, or of remote cell arrays, and controls the sig- 
nal designating the timing of receiving the com- 
mand so that the number of dock cycles between 
said first and second commands satisfies the fol- 
lowing relation: 

(Number of clock cycles when the ceils of the 



same array are accessed), 
s (Number of dock cydes when the cells of 
neighboring arrays are accessed), 
s (Number of clock cydes when the cells of 
5 remote are accessed). 

16. A memory system according to ciaim 13, character- 
ized in that said memory controller section can con- 
trol a burst access operation of accessing the 

io subsequent addresses when an address of the 
head memory cell is supplied to said memory sec- 
tion by said command. 

17. A memory system according to claim 13, character- 
is ized in that latency, which is a period from supply of 

an access command until a dock cyde in which 
data is transmitted or received, is controlled in the 
same way at the time of data reading operation as 
at the time of data writing operation. 

20 

18. A memory system according to ciaim 13, character- 
ized in that in said memory section, an address 
indicative of a physical position of said ceil array is 
encoded in the form of a pay code which changes 

25 only one bit between neighboring cell arrays. 

19. A memory system according to claim 15, character- 
ized in that said memory section has at least one 
spare word line (WL) which replaces a word line to 

30 which cells simultaneously detected by said sense 
amplifier circuit section (S/A) are connected, when 
the word line (WL) is regarded as being defective, 
and said memory controller section uses, as a new 
cell array, a cell array in the word line (WL) replaced 

35 with an arbitrary spare word line in accordance with 
said address signal, and determines the number of 
dock cydes between said first command and said 
second command. 

40 2a A high-speed cyde dock synchronous memory 
device characterized by comprising: 

a plurality of cell arrays each comprising a plu- 
rality of memory cells, said plurality of cell 
45 arrays being positioned according to an 

address format composed of a plurality of bits; 
sense amplifier drcurts (S/A) shared by neigh- 
boring cell arrays; and 

a cell array control circuit (CNTRLi) for recerv- 
50 ing an address information signal formed in 

said address format and designed to designate 
a desired one of said memory cells, and for 
controlling said sense amplifier drcurts (S/A) in 
accordance with said address information sig- 
55 nal. 

wherein when a first command and a second 
command subsequent to said first command 
are supplied to said memory, predetermined 
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bits in said address format provide information 
showing whether a first cell array and a second 
cell array corresponcfing to a first address infor- 
mation signal and a second address informa- 
tion signal, respectively, are identical, 
neighboring cefl arrays having a common 
sense amplifier section, or remote cell arrays 
having no common sense amplifier section, by 
comparing the first address information signal 
provided according to said first command with 
the second address information signal pro- 
vided according to said second command. 

21. A memory device according to claim 20, character- 
ized in that the number of command cycles in a 
period from inputting of a first command corre- 
sponding to said first address information signal to 
supplying of a second command corresponding to 
said second address information signal differs in 
accordance with whether said first and second cell 
arrays are identical, neighboring cefl arrays* or 
remote cell arrays. 

22. A memory device according to claim 21 , character- 
ized in that predetermined bits in said address for- 
mat comprise: 

at I east one bit of a remote cell array identifica- 
tion bit indicating whether cell arrays are 
remote cell arrays; and 

two Ms of neighboring cefl array identification 
bits indicating whether cell arrays are neighbor- 
ing cell arrays. 

23. A memory device according to claim 22, character- 
ized in that said address format is determined by 
using a gray code. 

24. A memory device according to claim 23, character- 
ized in that in comparison with said first address 
information signal and said second address infor- 
mation signal, 

said first cell array and said second cell array 
are identical when said remote array identifica- 
tion bit and said neighboring cell array identifi- 
cation bit are the same, are neighboring cell 
arrays when only one bit of either said remote 
cell array identification bit or said neighboring 
cell array identification bit has changed, and 
are remote cell arrays when at least two bits in 
said remote cell array identification bit and said 
neighboring cell array identification bit have 
changed. 

25. A memory device according to claim 21, character- 
ized in that predetermined bits in said address for- 
mat further comprise: 



at least one word line (WL) identification bit for 
specifying any one of word Ones (WL) in the 
same cell, wherein each of said plurality of 
memory cell arrays has at least one spare word 

5 line, 

a predetermined number of neighboring cell 
arrays constitute a logical cefl array, a defective 
word line in said logical cell array can be 
replaced by any of spare word lines in any of 

w cell arrays constructing said logical cell array, 

and the number of said remote cell array iden- 
tification bits and the number of said word line 
identification bits are determined in accord- 
ance with the number of cell arrays construct- 

15 ing said logical cell array. 

26. A memory device according to claim 25, character- 
ized in that the number of said remote cell array 
identification bits is 2M-2-N and the number of said 

20 word line identification bits is 2L+N, when M e 4 
andNsi, 

where 2L is the number of word lines each call array 
has, 2M is the total number of said cell arrays, and 
2N is the number of cefl arrays constructing said 
25 single logical cell array. 

27. A memory device according to claim 25, character- 
ized in that said neighboring cell array identification 
bit is a higher order bit as compared with said word 

30 Gne identification bit, and said remote cell array 
identification bit is a higher order bit as compared 
with said neighboring cell array identification bit 

2a A high-speed cycle clock-synchronous memory 
35 system characterized by comprising: 

at least one high-speed cycle clock-synchro- 
nous memory device according to claim 21; 
and 

40 a memory control unit for controlling said at 

least one high-speed cycle clock-synchronous 
memory device, 

wherein said memory control unit determines 
the number of command cycles between said 
45 first command and said second command on 

the basis of information provided by predeter- 
mined bits present in said address format 

29. A memory system according to claim 28, character- 
50 ized in that the number of command cycles 
between said first and second commands satisfies 
the following relation: 

(number of command cycles when the memory 
55 cells of the same cell array are accessed). 

s (number of command cycles when the mem- 
ory cells of the neighboring cell arrays are 
accessed). 
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s (number of command cycles when the mem- 
ory cells of the remote ceO arrays are 
accessed). 
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